Morphological characteristics of two types of elements in the submerged mycelium of Claviceps paspali are described. Distribution of polysaccharides in the cell wall and cytoplasm was cytochemically determined at the ultrastructural level. Polysaccharide deposition into the cell walls was proportional to the increase in the alkaloid yield. In the cytoplasm, on the other hand, the presence of polysaccharide grains indicated an absence of alkaloid synthesis.
paspali. Our interpretation has been influenced by the work of Maret, who related ultrastructural data to the results of detailed biochemical analysis of cell wall components of the ascomycete, Chaetomium globosum (7).
MATERIALS AND METHODS C. paspali (Stevens and Hall) strain MG-6 was used in this work. The experimental design consisted of growing the cultures in a rich medium which did not favor alkaloid production and the subsequent transfer of these cultures into a nutritionally poor medium in which alkaloids were formed (12) . Biomass and alkaloid synthesis proceeded simultaneously (12) . The mycelium was collected at various time intervals and analyzed. Lysergic acid-a-hydroxyethylamide was a predominant component of the alkaloid mixture extracted from the culture medium.
Cytochemical determination of polysaccharides was based on the oxidation of vic-glycol groups of macromolecular glycols to aldehyde groups by periodic acid, and the binding of thiosemicarbazide as a selective reaction center for the formation of osmium black (2, 4, 17) .
The mycelium was washed and fixed with 4% paraformaldehyde for 16 h (14, 16) . After fivefold washing with 30 vol of isotonic NaCl solution, the reaction was allowed to proceed for 3.5 (Fig. 1, 3, 5 ) and JEM 100-B microscopes. Some sections from control samples were stained with lead citrate for better contrast (13) . Figures 1 and 2 show sections of control samples of C. paspali cells comparing the ultrastructure of the mycelium with the pattern of polysaccharide deposition as brought out by the cytochemical reaction. The controls showed an easily recognizable electron-transparent cell wall and large inclusions inside the cells. After staining control sections with lead citrate, the mitochondria and cytoplasmic membrane appeared (Fig. 3) .
RESULTS
The following electron-optical observations were made on cells in which polysaccharides of the #(1-4) and 0(1-6)-glucan types were detected cytochemically (7) . Cells from a complex medium used as inoculum had a capsule formed by a tangle of fine polysaccharide fibrils on their surface (Fig. 3, 4) . The cells could be divided into two groups: (i) basic hyphae with a diameter of 1.5 to 3 um (Fig. 3 ) and (ii) enlarged cells with a minimal diameter of 3 ,m and a length of up to 15 um (Fig. 4) 288VOfEK, LUDVIK, AND IEHAREK 10 to 20% of the inoculum population. The majority of hyphae exhibited a large periplasmic space with large, polysaccharide-like grains. The plasma membrane was probably disintegrated during autolysis. Both boundaries of the hyphal cell wall were covered with a marked layer of fine polysaccharide grains sensitive to periodic acid. Between these two layers the cell wall showed deposits of material insensitive to periodic acid, which was probably predominantly of the #(1-3)-glucan type (7).
Total thickness of the cell wall was about 0.1 ,m. The content of arthrospores was similar to that of hyphae. The inner surface of the cell wall was thickened to 0.2 ,m (Fig. 4) by another homogeneous layer of polysaccharide material.
Three days after the transfer of inoculum to synthetic medium, the culture was found to contain chiefly hyphae. At least one-half of these had suppressed cytoplasm and contained polysaccharide granules aggregated in the lamellae of grains (Fig. 5) . The ultrastructure of cell wall and septa was not changed as com%4b pared with the inoculum culture. Young hyphae with intact cytoplasm lacked the capsular coat (Fig. 6) . The cell wall cytoplasm boundary was blurred by the presence of a polysaccharide layer on the inner surface of the cell wall, which thus became thickened to 0.15 Mm (Fig. 6 ). In such cases, the hyphal cell wall showed a clear multilayer pattem (Fig. 7) . The occurrence of polysaccharide (glycogen) grains in hyphal cytoplasm varied considerably (7) . Compact polysaccharide deposits were also found (Fig. 7) . Arthrospores formed about a quarter of the population and usually exhibited a considerably reduced cytoplasm. A characteristic thickening and rounding of hyphal cells was sporadically observed, signifying a transition to intrachain arthrospores (8) . The most marked change in arthrospores, as compared with hyphal cells, was the formation of a sharp boundary between cell wall and cytoplasm and a further thickening of cell wall (Fig. 8) . The diameter of the intrachain arthrospores was 3 to 5 ,um, and the average thickness of their cell wall was 0.25 gm. A 5-day-old culture contained approximately 50% filamentous hyphae, mostly autolyzed. The rest of the culture consisted of young arthrospores now also formed terminally on mycelial hyphae (Fig. 9) . The ultrastructure of cell walls of terminal arthrospores, as seen after cytochemical detection of polysaccharides, differed from that of intrachain arthrospores (Fig. 10) . Stratification was not discernible, and the thickness of the cell wall was as much as 0.5 um. The boundary between the cell wall and cytoplasm exhibited the presence of a layer slightly sensitive to periodic acid, which remained attached to cell wall on its detachment from cytoplasm (Fig. 10) .
Young intrachain arthrospores frequently showed the presence of septa whose ultrastructure was identical to that of the basic type of cell wall (Fig. 5, 8 ). The septa were distinctly connected with the internal layer of the thickened cell wall (Fig. 7, 8 ). The intrachain arthrospores later divided into filaments composed of up to five cells constricted in the places of the septa. At this stage, the septa were covered from both sides by a 0.15-,gm polysaccharide layer (Fig. 11) . We assume that the layer of polysaccharides integrates with the cell wall and makes possible the deciduation of arthrospores. On the seventh day of fermentation, the culture consisted mainly of arthrospores (80%). The remaining hyphae were usually autolyzed. After the alkaloid yield ceased to increase, the vacuolization of the cytoplasm of arthrospores and mycelial hyphae became accompanied by the appearance of numerous polysaccharide grains on the vacuole-cytoplasm boundary (Fig. 12,  arrows) . This process had already started on the seventh day of cultivation (Fig. 11) . After an autolysis of the cytoplasm, the pattern of polysaccharide deposition might be very similar to that found in culture grown on a rich medium (Fig. 4) . Along with it, however, compact glycogen deposits in hyphae increased in size and numbers (7) . These deposits were never found in cultures grown on a rich medium. In control i * , *^. cells, the surface layer of glycogen deposits was not osmiophilic and obviously had a composition similar to that of the cell wall (Fig. 1) . Fat droplets were also observed in arthrospores. DISCUSSION Early studies of the relationship between the morphology of saprophytic cultures of C. paspali and alkaloid synthesis concerned mainly the macroscopic pattern of production colonies (1, 18 The basic array of a hyphal cell wall of C. paspali exhibits a marked similarity to that of Chaetomium globosum (7) . The cross-sections of the cell wall of arthrospores and hyphal cells of C. paspali, as manifested after the oxidation of polysaccharides by periodic acid, are different, however, and deserve a separate, more detailed study.
